A methanol extract from the ‰ower heads of Chrysanthemum morifolium showed a suppressive eŠect on umu gene expression of the SOS response in Salmonella typhimurium TA1535 W pSK1002 against the mutagen 2-(2-furyl)-3-(5-nitro-2-furyl)acrylamide (furylfuramide). The methanol extract was re-extracted with hexane, chloroform, ethyl acetate, butanol, and water. The ethyl acetate fraction showed a suppressive eŠect. Suppressive compounds in the ethyl acetate fraction were isolated by silica gel column chromatography and identiˆed as the ‰avonoids acacetin (1), apigenin (2), luteolin (3), and quercetin (4) by EI-MS, IR, and 1 H and 13 C NMR spectroscopy. Compounds 1-4 suppressed the furylfuramide-induced SOS response in the umu test. Compounds 1-4 suppressed 60.2, 75.7, 90.0, and 66.6z of the SOS-inducing activity at a concentration of 0.70 mmol W ml. The ID 50 (50z inhibitory dose) values of 1-4 were 0.62, 0.55, 0.44, and 0.59 mmol W ml. These compounds had the suppressive eŠects on umu gene expression of the SOS response against other mutagens, 4-nitroquinolin 1-oxide (4NQO) and N-methyl-N?-nitro-N-nitrosoguanidine (MNNG), which do not require liver-metabolizing enzymes. These compounds also showed the suppression of SOS-inducing activity against the other mutagens a‰atoxin B 1 (AfB 1 ) and 3-amino-1,4-dimethyl-5H-pyrido[4,3-b]indole (Trp-P-1), which require liver-metabolizing enzymes, and UV irradiation. In addition to the antimutagenic activities of these compounds against furylfuramide, Trp-P-1 and activated Trp-P-1 were also assayed by the Ames test using S. typhimurium TA100.
Several short term tests for screening of environmental mutagens and carcinogens have been developed and used widely in many laboratories. 1, 2) The Ames test is a convenient method to evaluate mutagenic activities of these chemicals, 1) and several lines of evidence have suggested that the mutagenic activities of a number of chemicals correlate well with the carcinogenic activities reported so far. 3, 4) The umu test system was developed to evaluate the genotoxic activities of a wide variety of environmental carcinogens and mutagens, using the expression of the SOS genes to detect DNA-damaging agents in Salmonella typhimurium. 5, 6) The system is based upon the abilities of carcinogens and mutagens to induce expression of an umu gene in S. typhimurium TA1535 W pSK1002 in which a plasmid, pSK1002 carrying a fused gene umuC?-?lacZ, had been introduced; the umu gene seems to be involved in mutagenesis more directly than other known-SOS genes. 7, 8) The results of this test are also in agreement with the results of the Ames test and may be more useful with respect to simplicity, sensitivity, and rapidity. 9) The dried ‰ower-heads of Chrysanthemum moriforium (Compositae) are an oriental drug, which has been used for the treatment of eye disease in Japan and China. They have also been used as an herbal tea in Chinese folklore and are known as``Ju Hua''. They have been found to possess antibacterial, antifungal, antiviral, antispirochetal, and anti-in‰ammatory activities. 10) The Chrysanthemum species have been demonstrated to produce a wide variety of potentially useful chemical compounds that include ‰avonoids, sesquiterpenoid alcohols, triterpenoids, and quinic acid caŠeates. [11] [12] [13] [14] [15] These chemical species have been shown to be the active ingredients that confer the observed medicinal properties of the crude plant extracts. For example, triterpene alcohols were isolated from C. morifolium as anti-in‰ammatory principles against 12-O-tetradecanoylphorbol-13-acetate-induced in‰ammation in mice. 16) Moreover, a ‰avonoid, acacetin-7-o-b-D-galactopyranoside, was isolated from C. morifolium as an active anti-HIV principle. 17) In our search for new naturally occurring antimutagenic compounds in plants, with a history of safe use as Chinese crude drugs, 18, 19) we found that the methanol extract of C. morifolium (``Kikuka'' in Japanese) caused a suppression of the furylfuramideinduced SOS response. We thought that this plant might be useful as a cancer chemopreventive agent and were interested in the yet unidentiˆed antimutagenic compounds in C. morifolium. In this paper, we report on the isolation and identiˆcation of the antimutagenic compounds contained in C. morifolium.
Materials and Methods
General Procedure. Electron-impact mass spectra (EI-MS) were obtained on a Hewlett-Packard 5972A mass spectrometer. IR spectra were taken with a FT W IR-470 Plus Fourier Transform Infrared Spectrometer. Nuclear magnetic resonance (NMR) spectra (d, J in hertz) were recorded on a JEOL GSX 270 NMR spectrometer. Tetramethylsilane (TMS) was used as the internal reference (d 0.00) for 1 H NMR spectra measured in DMSO-d6. This solvent was also used for 13 C NMR spectra.
Materials. Commercially available air-dried tips of C. morifolium were obtained from Takasago Yakugyou Co., Ltd. Furylfuramide, 4-nitroquinoline 1-oxide (4NQO), N-methyl-N?-nitro-N-nitrosoguanidine (MNNG), 3-amino-1,4-dimethyl-5H-pyrido [4,3-b] indole (Trp-P-1), and a‰atoxin B1 (AfB1) were purchased from Wako Pure Chemical Co. S9 (supernatant of 9000g) and coenzyme, NADPH, NADH, and G-6-P were purchased from Oriental Yeast Co.
Umu Test. The umu test for detecting the chemicalinduced SOS response was done by the method of Oda et al. 5) using S. typhimurium TA1535 W pSK1002, in which a plasmid (pSK1002) carrying a fused gene (umuC?-?lacZ) had been introduced. The overnight culture of the bacterial strain was diluted 50-fold into TGA medium (1z Bactotryptone, 0.5z NaCl, and 0.2z glucose; supplemented with 20 mg W l of ampicllin) and incubated at 379 C until the bacterial density reached 0.25-0.30 in OD600. The bacterial culture was subdivided into 2.1 ml portions in test tubes, and the test compound (50 ml, diluted in DMSO), 0.1 M phosphate buŠer (300 ml, pH 7.4), and the mutagen furylfuramide (50 ml, 2 mg W ml in DMSO), 4NQO (50 ml, 20 mg W ml in DMSO), MNNG (50 ml, 200 mg W ml in DMSO) were added to each tube. In the case of AfB1 (50 ml, 20 mg W ml in DMSO) and Trp-P-1 (50 ml, 40 mg W ml in DMSO), 300 ml of S9-metablizing enzyme mixture including the cofactors were added instead of the phosphate buŠer. As a positive control, an equivalent volume of DMSO was added instead of the test compound, whereas with negative control an equivalent volume of DMSO was added instead of both the test compound and the mutagen. After 2 h of incubation at 379 C with shaking, the culture was centrifuged (3000 rpm) to collect cells, which were centrifuged in 2.5 ml of PBS. The level of b-galactosidase activity was measured by a slight modiˆcation of Miller's method. 20) Fractions (0.25 ml) of the culture were diluted with 2.25 ml of Z buŠer, 0.1z SDS solution (50 ml) and chloroform (10 ml) were added to each fraction. The enzyme reaction was started by the addition of 0.25 ml of 2-nitro-phenyl b-D-galactopyranoside solution (ONPG; 4 mg W ml in 0.1 M phosphate buŠer, pH 7.4) at 289 C. After 15 min, the reaction was stopped by 0.1 M Na 2 CO 3 , and the absorbance at OD 420 and OD550 was measured. Using the remainder of culture, the bacterial density was measured at OD600. The unit of b-galactosidase activity was calculated according to the method of Miller.
20)
Preparation of Activated Trp-P-1. Preparation of activated Trp-P-1 was done by the method of Arimoto et al.
21)
UV Irradiation. An overnight culture of the tester bacterial strain (S. typhimurium TA1535 W pSK1002) incubated at 379 C in Luria broth was diluted 50-fold with fresh TGA medium and incubated at 379 C until the optical density at 600 nm of 0.25-0.30 was reached. The cultures were then collected by centrifugation and suspended in 5 ml of 0.1 M phosphate buŠer. The cell suspensions were then poured into Petri dishes and exposed to UV light (2.0 J W m 2 ) for 10 s using a germicidical lamp at room temperature.
EŠects of Suppressive compounds on mRNA Synthesis Induced by IPTG. The test strain E. coli CSH 26T W Flac ＋ , which was kindly supplied by Dr. Yoshimitsu Oda (Osaka Prefectural Institute of Public Health, Japan), was used to investigate the eŠects on mRNA synthesis in the umu test; this strain induces b-galactosidase activity by addition of IPTG instead of mutagens. The eŠect on b-galactosidase synthesis by a suppressive compound was assayed as follows: An overnight culture of the tester bacterial strain (E. coli CSH 26T W Flac ＋ ) incubated at 379 C, diluted 50-fold with TG medium (1z Bactotryptone, 0.5z NaCl, and 0.2z glucose), was incubated at 379 C until the bacterial density at 600 nm reached 0.25-0.30. The culture was divided into 1.9 ml portions in the test tubes. The test compound (50 ml, diluted in DMSO), 0.1 M phosphate buŠer (300 ml, pH 7.4), and 0.01 M IPTG (200 ml) were added to each tube. After 60 min of incubation at 379 C with shaking, the culture was centrifuged to collect cells, which were resuspended in 2.5 ml of PBS; the cell density was read at 600 nm with one portion (1.0 ml) of the suspension. Using the other portion (50 ml), the level of b-galactosidase activity was assayed by the method of Miller.
20)
Ames Test. The mutation test was done by the preincubation method, 22) which is a modiˆcation of the Ames method.
1) The test compound (50 ml), 0.1 M phosphate buŠer (500 ml), and furylfuramide (50 ml, 0.5 mg W ml in DMSO) were added to each test tube. In the case of Trp-P-1 (50 ml, 40 mg W ml in DMSO), 500 ml of S9-metabolizing enzyme mixture instead of 0.1 M phosphate buŠer was added. The culture of the tester bacterial strain (S. typhimurium TA100) was divided into 100 ml test tube portions. The mixture was incubationed at 379 C for 20 min, mixed with 2.0 ml of top agar at 459 C, and poured onto a minimal glucose agar plate. After incubation for 2 days at 379 C, the colonies on the plate were counted.
Puriˆcation and Identiˆcation of the Suppressive Compounds 1-4 from C. morifolium. To prepare the suppressive compounds, fractionation of C. morifolium was done as described in Fig. 1 using the umu test as a guide. As shown in Fig. 1 , the air-dried tips (5 kg) of C. morifolium were re‰uxed with methanol for 12 h to give a methanol extract (604.8 g). This extract was suspended in water and partitioned between hexane, chloroform, ethyl acetate, butanol, and water, respectively. Each soluble fraction was concentrated under reduced pressure to give hexane (90.7 g), chloroform (35.9 g), ethyl acetate (74.0 g), butanol (98.4 g), and water (305.8 g) fractions. To purify the compound responsible for suppression of the SOS-inducing activity, these fractions were evaluated by the umu test. The ethyl acetate fraction had a suppressive eŠect. The ethyl acetate fraction was fractionated to fractions 1-6 by silica gel column chromatography with hexane and ethylacetate as eluents. Fractions 3 and 4 showed suppressions of the furylfuramide-induced SOS response in the umu test, and these fractions were refractionated by silica gel column chromatography and recrystallized. Finally, suppressive compounds 1 (275 mg), 2 (184 mg), 3 (895 mg) and 4 (358 mg) were isolated from C. morifolium. Compounds 1-4 were identiˆed as acacetin (1) 1 H NMR and 13 C NMR spectra of compound 1 were compared with those of acacetin [5,7- 
23,24) Compound 1 was identiˆed as acacetin from these spectral data and physical properties. 1 H NMR and 13 C NMR spectra of compound 2 were compared with those of apigenin [5,7-dihydroxy-2-(4?-hydroxyphenyl)-4H-1-benzopyran-4-one]. 25, 26) Compound 2 was identiˆed as apigenin from these spectral data and physical properties. . 26, 27) Compound 3 was identiˆed as luteolin from these spectral data and physical properties. 28) Compound 4 was identiˆed as quercetin from these spectral data and physical properties.
Results

Fractionation of the Extract from C. morifolium and Isolation of Suppressive Compounds 1-4
The initial methanol extract of C. morifolium was further fractionated to search for suppressive compounds using the umu test as a guide (Fig. 1) . To obtain dose-response data, test samples were evaluated at dose levels of 0.2, 0.1, 0.04 mg W ml. As shown in Table 1 , the ethyl acetate fraction had a suppressive eŠect on umu gene expression of SOS-inducing activity in S. typhimurium TA1535 W pSK1002 against furylfuramide. To further purify the suppressive fractions, fractionation of the ethyl acetate extract was done as described in Fig. 1 . That puriˆcation scheme resulted in the isolation of suppressive compounds 1 (275 mg), 2 (184 mg), 3 (895 mg), and 4 (358 mg). Compounds 1-4 were identiˆed as acacetin (1), apigenin (2), luteolin (3), and quercetin (4) by EI-MS, IR, and 1 H and 13 C NMR spectroscopy, respectively (Fig. 2) .
Suppression of Mutagen-Induced SOS Responses by Compounds 1-4
The suppressive eŠects of compounds 1-4 were evaluated in the umu test. Compounds 1-4 inhibited the furylfuramide-induced SOS response ( Table 2) . Compounds 1-4 suppressed 60.2, 75.7, 90.0, and 66.6z of the SOS-inducing activity on furylfuramide at a concentration of 0.70 mmol W ml, and the ID50 (50z inhibitory dose) values of 1-4 were 0.62, 0.43, 0.29, and 0.59 mmol W ml, respectively. Compounds 1-4 were also assayed with other mutagens, 4NQO and MNNG, which do not require a liver-metabolizing enzymes mixture ( Table 2 ). The suppressive eŠects of 1-4 on 4NQO are similar to the suppressive eŠects observed in the case of furylfuramide. Compound 3 had more potent suppressive eŠects on furylfuramide, 4NQO, and MNNG than compounds 1, 2, and 4. These compounds were also assayed with AfB1 and Trp-P-1, which require liver metabolic activation ( Table 3 ). The suppressive eŠects of 1-4 on AfB 1 are similar to the suppressive eŠects observed in the case of Trp-P-1. Compound 4 had more potent suppressive eŠects on furylfuramide, 4NQO, and MNNG than compounds 1, 2, and 3. As results of the umu test, compounds 1-4 had more suppressive eŠects of the SOS genes against mutagens furylfuramide, 4NQO, and MNNG, which do not require liver metabolic activation, than AfB1 and Trp-P-1, which require liver metabolic activation.
Suppressive EŠects of Compounds 1-4 on Metabolic Activation of Trp-P-1
The suppressive eŠects of compounds 1-4 on metabolic activation of Trp-P-1 were tested by the a AfB1 (20 mg W ml in DMSO) was added at 50 ml. b Trp-P-1 (40 mg W ml in DMSO) was added at 50 ml. c Activated Trp-P-1 was added at 50 ml. d b-galactosidase activity (units). e 50z inhibition dose. 2095 Antimutagenic Activity of Flavonoids umu test. The value of b-galactosidase activity observed in the absence of these compounds was for activated Trp-P-1. As shown in Table 3 , compounds 1-4 suppressed 20.5, 40.2, 49.5, and 38.7z of the SOS-inducing activity on activated Trp-P-1 at a concentration of 0.70 mmol W ml. Suppressive eŠects of compounds 1-4 on activated Trp-P-1 were decreased compared with those of Trp-P-1. This result suggested one possible that the inhibitions of SOS-inducing activity of Trp-P-1, which were cause by compounds 1-4 was due to the inhibition of metabolic activation by S9.
Suppressive EŠects of Compounds 1-4 on UV Irradiation
The suppressive eŠects of compounds 1-4 on UV irradiation-induced SOS response were measured in the umu test using S. typhimurium TA1535 W pSK1002. Compounds 1-4 inhibited the UV irradiation-induced SOS response (Table 4) . Com- . furylfuramide (0.5 mg W ml in DMSO) was added at 50 ml W plate. Trp-p-1 (20 mg W ml in DMSO) was added at 50 ml W plate. Activated Trp-P-1 was added at 50 ml. pounds 1-4 suppressed 36.2, 46.1, 60.3, and 20.9z of the SOS-inducing activity due to UV irradiation at a concentration of 0.70 mmol W ml, and the ID50 value of 3 was 0.53 mmol W ml, respectively.
EŠects of Compounds 1-4 on mRNA Synthesis
In the mechanism for inhibition of the mutageninduced SOS response by compounds 1-4, there are some possibilities that compounds 1-4 aŠect the lexA-recA regulation (mRNA synthesis) of the umu operon. Compounds 1-4 were assayed for the eŠect on mRNA synthesis using E. coli CSH26T W Flac ＋ , which produces b-galactosidase without mutagens. This strain has a good characteristic function, which produces b-galactosidase activity, after treated with IPTG. As shown in Fig. 3, compounds 1-4 did not aŠect on b-galactosidase activity caused by IPTG so that the possibilities of the toxicities should have decreased, because anti-bacterial compounds easily cause the mRNA synthesis.
Antimutagenic Activity of Compounds 1-4 in the Ames Assay
The antimutagenic activity of compounds 1-4 against furylfuramide, Trp-P-1, and activated Trp-P-1 were also demonstrated by the Ames test using S. typhimurium TA100. Compounds 1-4 suppressed  27.2, 33.4, 44.3, and 14 .3z of the mutagenicity of furylfuramide at the concentration of 1.8 mmol W plate, respectively (Fig. 4) . As shown in Fig. 4, compounds 1-4 suppressed 71.8, 84.3, 95.4, and 64 .3z of the mutagenicity of Trp-P-1 at the concentration of 0.40 mmol W plate, and ID50 values of 1-4 were 0.23, 0.18, 1.16, and 0.28 mmol W plate. On the other hand, these antimutagenic activities against activated Trp-P-1 were greatly decreased. From this result, it is suggested that the antimutagenic activity of compounds 1-4 on Trp-P-1 is due to the inhibition of metabolic activation of Trp-P-1 by S9.
Discussion
The antimutagenic compounds in C. morifolium were clearly identiˆed as the ‰avonoids acacetin (1), apigenin (2), luteolin (3), and quercetin (4). These compounds had suppressive eŠects on umu gene expression of the SOS response in S. typhimurium TA1535 W pSK1002 against furylfuramide, 4NQO, and MNNG, which do not require liver metabolizing enzymes, and AfB1 and Trp-P-1, which require liver metabolizing enzymes and UV irradiation.
As for the structure-activity relationships, compounds 1-4 had distinctly diŠerent suppressive potencies against the former mutagens, according to their substitution patterns. As shown in Table 2 -4, compound 2 had greater suppressive potency against the former mutagens than 1. The diŠerence in structure between 1 and 2 is a substituent group at the C-4? position. Compounds 1 and 2 had a decreasing tendency of the suppression, when the hydroxy group was replaced by the methoxy group. These results indicated that a hydroxy group at C-4? position is an important factor for suppressing the SOS-inducing activity on the former mutagens. As shown in Table 2 -4, compound 3 had more suppressive potency against the former mutagens than 2. The diŠer-ence in structure between 2 and 3 is a substituent group at the C-3? position. These results indicated that a hydroxy group at the C-3? position is an important factor for suppressing the SOS-inducing activity on the former mutagens. Therefore, the 3? 4?-ortho-hydroxy groups on B-ring may be also an important factor for suppressing the SOS-inducing activity on the former mutagens. As shown in Table  3 , compound 4 had more suppressive potency against AfB 1 and Trp-P-1, which require liver metabolizing enzymes, than 3. The diŠerence in structure between 3 and 4 is a substituent group at the C-3 position. These results indicated that a hydroxy group at the C-3 position is an important factor for suppressing the SOS-inducing activity on AfB 1 and Trp-P-1, which require liver-metabolizing enzymes. In order to discuss the structure-activity relationship between the base structure of these ‰avonoids and their substitutions, other ‰avonoids also have to investigate their antimutagenic eŠects. Because some structureactivity relationship in ‰avonoids were conˆrmed from our experiment, our experiments should be useful for create new antimutagenic compounds.
Compounds 1-4 were examined for the ability to suppress the metabolic activation of Trp-P-1 by S9. As shown in Table 3 , these compounds suppressed the weaker SOS induction on activated Trp-P-1 than on Trp-P-1. These results indicated that inhibition of SOS-inducing activity of Trp-P-1 is due to the inhibition of metabolic activation of S9. Antimutagenic eŠects of ‰avonoids eupatilin, jaceosidin, apigenin, and chrysoeriol against heterocyclic amines have been reported. 29) Kanazawa et al. 30) reported that luteolin, galangin, and qurecetin showed antimutagenic eŠects against Trp-P-2. They indicated that mechanism of the antimutagnic eŠect is especially due to the inhibition of activation of Trp-P-2 by the ultimate carcinogenic metabolite in the P450 monooxygenase system, regardless of the OH group. It is known that Trp-P-1 is metabolically activated by the cytochrome P450, especially the P4501A family. 31, 32) Therefore, the inhibitions of SOS induction by Trp-P-1, which were caused by compounds 1-4, may be due to the inhibition of metabolic activation by the cytochrome P450 contained in S9. In addition, the suppressive eŠect of compounds 1-4 on the UV irradiation-induced SOS response indicates that the mechanisms for inhibition of SOS-inducing activity by these compounds may involve not only action on the mutagens but also involvement with cellular repair systems.
On the other hand, compounds 1-4 had suppressive eŠects on the umu gene expression of SOS response in S. typhimurium TA1535 W pSK1002 against UV irradiation, which is called a physical mutagen (Table 4) . 33) The antimutagenic factors are divided into two main classes according to diŠerences in their modes of action: one type of factor is the desmutagen, which inhibits the formation of mutagens out of the cell or taking the mutagens into the cell, or inactivates or destroys mutagens directly or indirectly out of the cell, and the other type of factor is called a bio-antimutagen, which suppresses the process of mutagenesis itself in the cell, for example, it eliminates radicals or increases DNA repair systems. From these results, it suggests that compounds 1-4 might have the ability to be a potent bio-antimutagen.
The principle of the umu-test is based on the ability of DNA-damaging agents, most of which are potential mutagens and carcinogens, to induce the umu operon. The expression of the umu operon is known to be regulated by the recA gene and lexA gene products. 8, 34) The SOS response is activation of the protease, and the later manifestations of the SOS response are a secondary consequence of these events. 35) In mechanisms for the inhibition of SOSinducing activity by compounds 1-4, it is necessary to exclude the following possibilities: (i) inhibition of inactivation of the LexA repressor by the RecA protease, (ii) inhibition of transcription of the recA gene, and (iii) inhibition of RecA protein synthesis. EŠects of suppressive compounds on mRNA synthesis enzymic activity were tested by the umu test using Escherichia coli CSH 26T W lac ＋ , which produced bgalactosidase by IPTG. Compounds 1-4 did not suppress SOS-inducing activity (Fig. 3) . This result excludes the possibility that compounds 1-4 inhibits the laxA-recA regulation of the umu operon. Therefore, it suggested that compounds 1-4 had a potent suppressive eŠect on the mutagen-induced SOS response.
In the Ames test using S. thpyimurium TA100, these compounds similarly inhibited the mutagenicity of Trp-P-1, while compounds 1-4 showed a weak suppressive eŠect of the mutagenicity of furylfuramide compared with the umu test (Fig. 4) . The diŠerence between the results of the Ames test and the umu test may be caused by the diŠerences of these methods. The principle of the umu test is based on the ability of DNA-damaging agents, most of which are potential mutagens and carcinogens, to induce the umu operon. A plasmid (pSK1002) carrying a fused gene (umuC?-?lacZ) was introduced into S. typhimurium TA1535. The strain TA1535 W pSK1002 enabled us to monitor the levels of umu operon expression by measuring the b-galactosidase activity in the cells produced by the fusion gene. The Ames test is based on His ＋ colonies as spontaneous His ＋ revertant colonies, and the Ames tester strain TA100 carries a uvrB mutation. From the results of both the umu test and the Ames test, it may be expected that a correlation between the furylfuramide and compounds 1-4 involves diŠerent functions in both tests. Recent research has conˆrmed that plant ‰avo-noids inhibit the mutagenicity induced by chemical mutagens. [36] [37] [38] [39] [40] [41] Nakasugi et al. 42) reported that apigenin, hispidulin, genkwanin, and cirsimaritin in carqueja showed strong antimutagenic activities against Trp-P-2. Samejima et al. 43) reported that luteolin, which is contained in peppermint, sage, and thyme, showed a strong antimutagenic eŠect against Trp-P-2. However, it has been not reported that there is inhibition of the mutagen-induced SOS response by the ‰avonoids isolated from C. morifolium. In summary, this research suggests that antimutagenic compounds in C. morifolium were primarily the ‰avonoids acacetin (1), apigenin (2), luteolin (3), and quercetin (4). Compounds 1-4 had potent suppressive eŠects of SOS-inducing activity by chemical mutagen and UV irradiation, and these compounds may be potent as bio-antimutagens. We expect that these antimutagenic compounds isolated from C. morifolium will be useful cancer chemo-preventive agents. However, these compounds may not have their expected eŠects in vivo if they are adversely aŠected by factors such as absorption, bio-disposition, and metabolism after they are incorporated into the human body. Further studies with mammalian cells in vitro or in vivo are needed to measure the e‹cacy of these compounds for the prevention of human cancer.
